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\) SEMICONDUCTOR PHTODETECTOR 
OAbstract: 

IRPOSE: To obtain a PIN photo diode capable of quick response to 
;ident light which is subjected to high speed modulation, by forming a 
it reflecting layer between a light absorption layer and a buffer layer, so 
to cover the outside of a diffusion region. 

)NSTITUTION: A light reflecting layer 12 composed of a semiconductor 
iltifilm layer is formed between a light absorption layer 3 and a buffer 
er 14, so as to cover the outside of a diffusion layer 6. A reflecting 
Tor structure composed of a dielectric film 16 and a metal film 8b is 
med on the surface of a substrate. A lens structure is formed in a body 
an incidence window part 9a on the substrate surface through which 
idow a light enters. A contact layer 15 whose forbidden bandwidth is 
laller than that of a cap layer is formed between an electrode 8a of a 
oto detection element and the surface of a diffusion layer 6. Thereby the 
it is restrained from entering the light absorption layer 3, and electron- 
ic pairs can be prevented from being generated in a region distant from a 
pletion lay r 30, so that the fall of a photoelectric waveform becomes 
arp and a PIN photodiode capable of quick response can be obtained. 
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fOTICES* 

>an Patent Office is not responsible for any 
sages caused by the use of this translation. 

Tiis document has been translated by computer. So the translation may not reflect the original precisely. 
*** shows the word which can not be translated, 
i the drawings, any words are not translated. 



AIMS 



aim(s)] 

aim 1] While a cap layer which consists of a semiconductor layer of the 1st conductivity type with bigger forbidden- 
id width of face than this light absorption layer is formed on a light absorption layer which consists of a 
liconductor layer of the 1 st conductivity type formed through a buffer layer on a semiconductor substrate In a 
liconductor photo detector which a diffusion field of the 2nd conductivity type is formed in this a part of cap layer, 
I an electrode is contacted in the surface of this diffusion field, and comes to form in a rear face of the above- 
ntioned semiconductor substrate a window part in which incidence of light is possible A semiconductor photo 
ector characterized by coming to form a light reflex layer which consists of semiconductor multilayers so that an 
side of a diffusion field may be covered between the above-mentioned light absorption layer and a buffer layer, 
aim 2] A semiconductor photo detector according to claim 1 characterized by coming to form in a surface side of the 
)ve-meritioned substrate reflecting mirror structure which consists of a dielectric film and a metal membrane, 
aim 3] A semiconductor photo detector according to claim 1 or 2 characterized by coming to form lens structure in 
* at the entrance window section on a rear face of a substrate where incidence of the light is carried out. 
aim 4] Claim 1 characterized by forming a contact layer which consists of a semiconductor of the 2nd conductivity 
e with forbidden-band width of face smaller than the above-mentioned cap layer between the above-mentioned 
ctrode and the above-mentioned diffusion field surface, a semiconductor photo detector according to claim 2 or 3. 
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TAILED DESCRIPTION . 

tailed Description of the Invention] 
01] 

iustrial Application] Concerning the photo detector using a compound semiconductor substrate like an optical 
liconductor device, especially an InP single crystal, this invention is used for the PIN photodiode for signal reception 
>ptical communication, and relates to effective technology. 
02] 

iscription of the Prior Art] In a mass optical transmission system like an optical CATV system, a ultra high-speed 
I high sensitivity photodetector is indispensable, and in order to meet this request, the semiconductor photo detector 
ied an PIN photodiode as an element which changes efficiently into an electrical signal the 1 .3 micrometers - 1 .55 
✓Tometers light which is the low loss wavelength range of silica optical fiber is proposed. As an PIN photodiode for 
aal reception in optical communication, there is a rear-face incoming radiational type thing as shown, for example in 
wingj4 . 

03] That is, the n mold InP buffer layer 2, the n mold InGaAs light absorption layer 3, and the n mold InP cap layer 4 
grown up into the surface (drawing inferior surface of tongue) of the InP substrate 1 in order. And a part of above- 
ntioned InP cap layer 4 is made to diffuse a p mold impurity like Zn, and p mold diffusion layer 6 which reaches an 
jrface with the above-mentioned n mold InGaAs light absorption layer 3 is formed. Furthermore, ohmic electrode 8a 
brmed in the surface of the above-mentioned p mold diffusion layer 6 for the protective coat 7 which becomes the 
face of the cap layer 4 from a silicon nitride film again. On the other hand, the n lateral electrode 9 is formed in the 
r face (drawing upper surface) of the InP substrate 1, and the antireflection film 10 which consists of silicon nitride 
ich controlled thickness so that opening 9a for optical incidence was opened in the center and a reflection factor 
ved as min at the inside is formed. In addition, p lateral electrode 8b which consists of Au etc. so that it may join to 
surface of the above-mentioned ohmic electrode 8a is formed in the surface side of a substrate. 
04] If it is in the photo detector of the above-mentioned structure, positive voltage is impressed for negative voltage 
the electrode 9 between above-mentioned electrode 8b and 9 at reverse voltage, i.e., electrode, 8b again. In the state 
such a reverse bias, the depletion layer 30 of the boundary of p mold diffusion layer 6 spreads mainly in the InGaAs 
it absorption layer 3. In this condition, the light of the predetermined wavelength which carried out incidence from 
light sensing portion is not absorbed, but reaches the light absorption layer 3, and is absorbed, and an electronic- 
stron hole pair generates it. at the InP substrate 1 and a buffer layer 2. Among these, it is accelerated by the electric 
d in a depletion layer, and the electronic-electron hole pair generated within the depletion layer 30 reaches electrodes 
and 9, and is observed as a photocurrent in an external circuit. On the other hand, the electronic-electron hole pair 
terated within the light absorption layer 3 of the outside of a depletion layer 30 reaches a depletion layer by diffusion, 
I contributes to a photocurrent. 
05] 

oblem(s) to be Solved by the Invention] By the way, if it is in the PIN photodiode of the above-mentioned structure, 
re are two, the junction capacitance which is parasitic on a light sensing portion, CR time constant by parasitism 
istance, and the transit time of an electronic-electron hole pair generated in light absorption, as main factors which 
fcrict the speed of response of diode. Among these, about the limit by CR time constant, while reducing the area of a 
it sensing portion (p mold diffusion layer 6) and making a junction capacitance small, improvement in the speed can 
attained by reducing the capacity of the MIS (metal-insulator layer-semiconductor) structure which consists of a 
tective coat 7 which made contact resistance of an electrode small or was formed in the substrate surface, and 
strode 8b on it. 

06] However, about a limit of improvement in the speed by the transit time of an electronic-electron hole pair 
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lerated in light absorption, although it can respond by making mileage of an electronic-electron hole pair small, for 
king mileage small, thickness of the light absorption layer 3 must be made small, or the path of p mold diffusion 
er 6 must be made small. However, if thickness of the light absorption layer 3 is made thin, since the thickness of a 
>letion layer 30 becomes thin and a junction capacitance will increase conversely, for making a speed of response 
ck, thickness of the light absorption layer 3 cannot be made not much thin. 

'07] On the other hand, if the path of p mold diffusion layer 6 is made small, the rate of an electronic-electron hole 
r generated on the outside of a depletion layer 30 will become large. Therefore, although the electron hole generated 
he field distant from the depletion layer 30 reaches a depletion layer in diffusion and contributes to a photocurrent, 
ce the diffusion rate is slow* delay arises in time amount until it contributes to a photocurrent. Consequently, it turned 
: that falling of a photocurrent wave is overdue, the so-called skirt length arises as a continuous line B shows to 
wing 6 when the lightwave signal of the shape of a pulse as shown in drawing 5 carries out incidence, and there is a 
able that a high-speed response cannot be performed. This invention was made paying attention to the above troubles, 
I the place made into the purpose is to offer the PIN photodiode which can answer at high speed to the incident light 
which the high intensity modulation was carried out at high speed. 
•08] 

eans for Solving the Problem] While a cap layer which consists of a semiconductor layer of the 1st conductivity type 
h bigger forbidden-band width of face than this light absorption layer is formed on a light absorption layer which 
isists of a semiconductor layer of the 1st conductivity type formed through a buffer layer on a semiconductor 
•strate, this invention While a diffusion field of the 2nd conductivity type is formed in this a part of cap layer and it is 
contact with an electrode on the surface of this diffusion field In a photo detector which comes to form in a rear face 
he above-mentioned semiconductor substrate a window part in which incidence of light is possible, a light reflex 
er which consists of semiconductor multilayers so that an outside of a diffusion field may be covered is formed 
ween the above-mentioned light absorption layer and a buffer layer. Moreover, reflecting mirror structure which 
isists of a dielectric film and a metal membrane is formed in a substrate surface side. Furthermore, light forms lens 
icture in the entrance window section on a rear face of a substrate which carries out incidence at one. Moreover, 
ween an electrode of the above-mentioned photo detector, and the diffusion field surface, a contact layer which 
isists of a semiconductor of the 2nd conductivity type with forbidden-band width of face smaller than the above- 
ntioned cap layer is formed. 
•09] 

motion] According to the above-mentioned means, a light reflex layer holds [ light ] down carrying out incidence to 
light absorption layer of the outside of the depletion layer as a light sensing portion, since it can prevent that an 
ctronic-electron hole pair occurs in the field distant from the depletion layer, falling of a photocurrent wave becomes 
sp and the PIN photodiode in which a high-speed response is possible can be obtained, moreover — a substrate — the 
face ~ a side - **** — a dielectric film ~ a metal membrane ~ from — becoming - a reflecting mirror — structure - 
ming « having made — since — incidence — carrying out — a depletion layer — passing — even if — absorbing — not 
dng — a ** — a substrate — the surface — reaching — light — incidence — an amount — 50 — % — about — it is — 
lough — It is reflected on the substrate surface and the light which was not absorbed passes a depletion layer again, 
being reached and reflected by the light reflex layer and repeating this, the amount of the light absorbed compared 
h the conventional element increases sharply, and a part of light of sensitivity of an element which still was not 
iorbed comes to improve. 

•10] Furthermore, since light formed lens structure in the entrance window section on the rear face of a substrate 
ich carries out incidence at one, the rate of an electronic-electron hole pair generated in the light absorption layer of 

outside of a depletion layer can be reduced, the delay of falling of a photocurrent wave can be prevented, without 
arging area of the depletion layer as a light sensing portion, and the responsibility of an element can be raised further. 
>reover, since the contact layer which consists of a semiconductor of the 2nd conductivity type with forbidden-band 
1th of face smaller than the above-mentioned cap layer was formed between the electrode of the above-mentioned 
>to detector, and the diffusion field surface, the small electrode of contact resistance can be formed compared with 

conventional element which is contacting the ohmic electrode in the direct cap layer, the cut-off frequency of the 
ment decided by CR time constant can be raised, and the responsibility of an element can be raised further. 
HI] 

;ample] The example at the time of applying this invention to the PIN photodiode which uses InP as a substrate 
eafter using a drawing is explained. One example of the PIN photodiode concerning this invention is shown in 
wing_3 . The same sign as the sign shown in drawing 4 in this drawing shows the same or a considerable portion, the 
ireflection film 10 which the lens section 1 1 is formed in the rear face (drawing upper surface) of the InP substrate 1, 
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. becomes the surface of the lens section 1 1 from silicon nitride in this example - moreover, the ohmic electrode 9 is 
ned in the substrate surface of the outside of the lens section 1 1 . And the n mold InP buffer layer 2, the light reflex 
3r 12 which consists of semiconductor multilayers (for example, structure to which the 20-pair laminating of InP 
A of thickness)/InGaAsP (30A of thickness) was carried out) to which the laminating of many semiconductor layers 
n which a refractive index differs mutually was carried out, and the 2nd cap layer 13 of n mold InP are formed in the 
face (drawing inferior surface of tongue) of the InP substrate 1 in order. 

12] Moreover, window part 12a made to mixed-crystal-ize is formed in the center of the above-mentioned light 
ex layer 1 2 by using the silicon nitride film by the plasma CVD method as a mask, and carrying out selective 
usion of the sulfur after the above-mentioned 2nd cap layer 13 formation. Furthermore, the n mold InP middle buffer 
sr 14, the n mold IriGaAs light absorption layer 3, and the 1 st cap layer 4 of n mold InP are formed in the inferior 
face of tongue of the above-mentioned 2nd cap layer 13 in order. And p mold diffusion layer 6 which a p mold 
mrity like Zn is spread and reaches an interface with the above-mentioned n mold InGaAs light absorption layer 3 is 
Tied in a part of above-mentioned 1st cap layer 4. Moreover, the surface-protection film 7 which consists of silicon 
ide is formed in the surface of the 1st cap layer 4, opening is formed in the portion corresponding to p mold diffusion 
sr 6 of this surface-protection film, and ohmic electrode 8a of Au/Zn structure is formed in p mold diffusion layer 6 
iphery of the opening inside through the contact layer 1 5 of the shape of a ring which consists of a p mold InGaAs 
h forbidden-band width of face smaller than the 1st cap layer 4. With this, the reflecting mirror structure where the 
lectric film 16 which consists of silicon oxide, and the circumference consist of metal-electrode 8b, such as Au in 
itact with the above-mentioned ohmic electrode 8a, is formed in the contact layer 15 and surface side of the light 
sing portion 6 inside electrode 8a. 

13] If it is in the PIN photodiode of this example, even if it covers the whole from the upper part of an element and 
ident light is irradiated, while incidence of the light is intensively carried out to the portion of the depletion layer 30 
he boundary of the light absorption layer 3 by the lens section 1 1, since the light reflex layer 12 prepared in the 
torn of a buffer layer 2 reflects incident light, in the field of the outside of a depletion layer 30, it can control that an 
stronic-electron hole pair occurs in the field distant from the depletion layer Therefore, a depletion layer is reached in 
fusion, and the amount which contributes to a photocurrent can be reduced remarkably, as a dashed line A shows to 
wing 7 by this, falling of a photocurrent wave becomes steep, and the high-speed response of the electron hole 
duced in the field distant from the depletion layer is attained to the incident light by which the high intensity 
dulation was carried out at high speed. And since reflecting mirror structure is formed under the p mold diffusion 
er 6 in this example, The light (about 50%) penetrated without being absorbed by the depletion layer 30 is reflected, 
[ pass a depletion layer 30 again and it is absorbed. By being reached and reflected by the light reflex layer 12 and 
eating this, a part of light which still was not absorbed is absorbed gradually, and it comes to contribute to a 
>tocurrent, and the amount of the light absorbed compared with the conventional element increases sharply, an output 
reases, and sensitivity's of an element improves. 

14] Moreover, in this example, since the contact layer 16 which consists of a semiconductor with forbidden-band 
Ith of face smaller than the 1 st cap layer 4 was formed between ohmic electrode 8a and the surface of p mold 
fusion layer 6, the contact resistance of ohmic electrode 8a becomes small, the cut-off frequency of the element 
ided by CR time constant becomes high, and the responsibility of an element improves. Furthermore, in the above- 
ntioned example, since many semiconductor layers from which a refractive index differs the light reflex layer 9 
tually are constituted from semiconductor multilayers (structure to which the 20-pair laminating of InP(50 A of 
;kness)/InGaAsP (30A of thickness) was carried out) which carried out the laminating, the adjustment of a process is 
)d and can manufacture cheaply the diode which has the light reflex layer 12. In addition, although the light reflex 
er 12 is formed in the bottom of a buffer layer 2, you may make it form the direct light reflex layer 12 in the surface 
awing inferior surface of tongue) of a substrate 1 in the above-mentioned example. 

15] Next, an example of the manufacture process of the above-mentioned PIN photodiode is explained, first, a 
•strate top — alike - MOVPE — n mold or the InP buffer layer 2 of a non dope, the light reflex layer 12 that consists 
jemiconductor multilayers to which the 20-pair laminating of InP(50A of thickness)/InGaAsP (30A of thickness) was 
tied out, and the 2nd cap layer 13 of n mold InP are grown up in order by law (organic metal vapor-phase-epitaxial- 
wth method). And after forming a silicon nitride film 20 in the surface of the above-mentioned cap layer 13 by the 
sma-CVD method and forming opening 20a in this silicon nitride film 20, this is made into a mask, S (sulfur) is 
:rnatively diffused in the center (portion corresponding to the lens section 1 1) of the above-mentioned cap layer 13 
j the light reflex layer 12, and a part of light reflex layer 12 is made to mixed-crystal-ize. Then, the semiconductor 
ltilayers of the mixed-crystal-ized light reflex layer 12 come to make light penetrate, and 2nd entrance window 
tion 1 2a is formed in the center of the light reflex layer 12 (refer to drawing 1 ). 
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16] next, the surface of the 2nd cap layer 13 after the etchant of a fluoric acid system removes the silicon nitride film 
Df the 2nd cap layer 13 above-mentioned surface used as a mask -- MOVPE - n mold or the 1st cap layer 4 of InP of 
>n dope, and the InGaAs layer 1 5 for contact layers as well as the n mold InP layer 14, and n mold or the InGaAs 
it absorption layer 3 of a non dope are grown up in order by law. And after forming a silicon nitride film 21 in the 
Face of the above-mentioned InGaAs layer 15 for contact layers by the plasma-CVD method and forming opening 
in this silicon nitride film 4, make this into a mask, and the substrate surface is made to diffuse Zn which is p mold 
)urity, using ZnP2 as a source of diffusion, and p mold diffusion layer 6 which reaches an interface with the above- 
itioned n mold InGaAs light absorption layer 3 is formed (refer to drawing 2 ). 

17] Then, the silicon nitride film 21 of the surface of the above-mentioned InGaAs layer 15 for contact layers is 
loved, after carrying out selective etching and forming the ring-like contact layer 15, a silicon nitride film is formed 
he surface by the plasma-CVD method, the silicon nitride film of the outside of the p mold diffusion layer 6 surface 
amoved, and the surface-protection film 7 is formed, so that an InGaAs layer may remain only in the p mold 
usion layer 6 surface periphery section. And after vapor-depositing an Au/Zn layer extensively to a substrate surface 
i, performing selective etching and forming ring-like ohmic electrode 8a so that an Au/Zn layer may remain only on 
above-mentioned contact layer 15, the dielectric film 16 which consists of silicon oxide inside this ohmic electrode 
s formed, and p lateral electrode 8b which consists of Au in contact with the above-mentioned ohmic electrode 8a is 
her formed on this dielectric film 16. After forming the n lateral electrode 9 which consists of metals, such as an 
3e alloy, and opening opening 9a for optical incidence in the rear face of the InP substrate 1 which has the lens 
tion 1 1 at the rear face (drawing upper surface) corresponding to the lens section 1 1 of the center, the antireflection 
1 10 which consists of silicon nitride which controlled thickness so that a reflection factor became the inside with 
i is formed ( drawing 3 ). 

18] If it is in the PIN photodiode of the above-mentioned example, the reflecting mirror structure which consists of 
se layers of a semiconductor-dielectric-metal is formed in the surface of p mold diffusion layer 6, and the light which 
le from p mold diffusion layer 6 side comes to be reflected here. In the above-mentioned structure, a reflection factor 
be carried out to making [ the thickness of a dielectric film 16 ] the refractive index of a dielectric film into the 
ce which is lambda/4n when referred to as lambda (2m+l) for the wavelength of n arid light to detect (however, m 
itive integer) at max. Incidentally, a dielectric film 16 consists of silicon oxide, and when a detection wavelength 
ge is 1.3 micrometers, if thickness of a dielectric film 16 is made into 2140A, 97% of reflection factors will be 
ained. In addition, although the above-mentioned example explained the case where InP was applied to the PIN 
•todiode used as a substrate, GaAs is applicable to the optical semiconductor device of the light-receiving diode used 
l substrate, and others. 
19] 

feet of the Invention] As explained above, this invention on the light absorption layer which consists of a 
liconductor layer of the 1st conductivity type formed through the buffer layer on the semiconductor substrate While 
cap layer which consists of a semiconductor layer of the 1st conductivity type with bigger forbidden-band width of 
3 than this light absorption layer is formed While the diffusion field of the 2nd conductivity type is formed in this a 
t of cap layer and it is in contact with the electrode on the surface of this diffusion field Since the light reflex layer 
ich consists of semiconductor multilayers was formed in the rear face of the above-mentioned semiconductor 
strate so that light might cover the outside of a diffusion field between the above-mentioned light absorption layer 
a buffer layer in the photo detector to which it comes to form the window part in which incidence is possible Since 
an prevent that an electronic-electron hole pair occurs in the field in which light held down carrying out incidence to 
light absorption layer of the outside of the depletion layer as a light sensing portion, and the light reflex layer 
arated from the depletion layer, Falling of a photocurrent wave becomes steep and it is effective in the ability to 
ain the PIN photodiode in which a high-speed response is possible. 

20] moreover - a substrate - the surface - a side - **** - a dielectric film - a metal membrane — from — 
oming — a reflecting mirror ~ structure forming — having made — since — incidence — carrying out — a depletion 
sr — passing ~ even if — absorbing — not having — a ** — a substrate — the surface — reaching — light — incidence — 
imount — 50 - % — about — it is — although — It is reflected on the substrate surface and the light which was not 
orbed passes a depletion layer again, by being reached and reflected by the light reflex layer and repeating this, the 
sunt of the light absorbed compared with the conventional element increases sharply, and a part of light of sensitivity 
in element which still was not absorbed comes to improve. 

21 ] Furthermore, since light formed lens structure in the entrance window section on the rear face of a substrate 
ich carries out incidence at one, the rate of an electronic-electron hole pair generated in the light absorption layer of 
outside of a depletion layer can be reduced, the delay of falling of a photocurrent wave can be prevented, without 
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arging area of the depletion layer as a light sensing portion, and the responsibility of an element can be raised further; 
reover, since the contact layer which consists of the semiconductor of the 2nd conductivity type with forbidden-band 
Ith of face small than the above-mentioned cap layer formed between the electrode of the above-mentioned photo 
sctor, and the diffusion field surface, the small electrode of contact resistance can form compared with the 
iventional element which is contacting an ohmic electrode in a direct cap layer, the cut-off frequency of the element 
ich decides by the CR time constant raises, and it is effective in raising the responsibility of an element further. 
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(54) SEMICONDUCTOR PHTODETECTOR 

(57)Abstract: 

PURPOSE: To obtain a PIN photo diode capable of quick 
response to incident light which is subjected to high 
speed modulation, by forming a light reflecting layer 
between a light absorption layer and a buffer layer, so as 
to cover the outside of a diffusion region. 
CONSTITUTION: A light reflecting layer 12 composed of 
a semiconductor multifilm layer is formed between a light 
absorption layer 3 and a buffer layer 14, so as to cover 
the outside of a diffusion layer 6. A reflecting mirror 
structure composed of a dielectric film 16 and a metal 
film 8b is formed on the surface of a substrate. A lens 
structure is formed in a body in an incidence window 
part 9a on the substrate surface through which window a 
light enters. A contact layer 15 whose forbidden 
bandwidth is smaller than that of a cap layer is formed 
between an electrode 8a of a photo detection element 
and the surface of a diffusion layer 6. Thereby the light 
is restrained from entering the light absorption layer 3, 
and electron-hole pairs can be prevented from being 

generated in a region distant from a depletion layer 30, so that the fall of a photoelectric 
waveform becomes sharp and a PIN photodiode capable of quick response can be obtained. 
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[fS#3l2] ±e**a>*HMfcWL. BTBfWBIir&JR 

1 2f2«W¥##g#mT- 0 

4 ] ±IEm^ k _blBi£»ffi**ffi ^r^P^ Id I* 

[0 00 1] 

Bib, «X.tf*il«l-*5it*«»g«^OP IN7th 

[0 0 0 2] 30 
lft&<D&ffi} 3tCATV^TAOi5 4*»l*a 

ttSflTCfcSl. 3 izm-1. 5 5/im(OM»S< 

[0 0 0 3] tiW, InPfflSlOB (H-CfiT 
05) (Cnf InP/<i/7rl2^nSlnGaAsM 40 
iRi 3 ^ nS I n P^rt $/^l4 Sril^fi^^So * 
LT, -LIE I nV*^y?m±<r>— ttlcfl, ZnWj;5 
4pS^«»^tt, ±EnIInGaAsM 

nxg 3 ^ 0>#®u:i§-r 5 <t 5 ft p Sims 6 &tei$rt 

— ;5/^lg8a^t6 0 InPSfilOS 
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X b IwA u^^ibfte p«tB8 b tmf&.£tlX\**Z> 0 

[0004] ±mmm<Dgiftm*\zb^xn. ±&%m 

8 b, 9ra^ifi^rfijSffi't>it>*>««8 b JCtfe^mJE^r 

T *#fS -C?» p StttfcJI 6 *>»»<Dffi»i 3 0 \"±3Ek L 
X I n G a A s }fcS5i&^i 3 rtlCJKa* 8. 0 ^^lgT% S 

9 AW Ufc0r^^jRg^3t« I n PSfi l *s <fc 
/<y7ri 2-Cfl«JR$*ff *RttJi 3 icaiaUTKJR 

SixT«fi8.b', 9lw38U UT^»ISIIS-cm 
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«t»tttttfcJ:8CRW*i, 5fe®fl5r?f§£Lfc 
m^-IE?L>?t^^ff^^2o^fc^ 0 C(05tCR^ 

■BSI«r«MlbTas*#*fe/hS < i"» i t> fc, m«<a 

«o±^lffi8bi:W4$MIS (&«-*ft»ffi- 
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pMl£lWi6<D|I4:/h$< Uft*ttttffte>ftV\ feci* 
5t»iR»3<OS£$£»<i-5£, £;2Jf3 0?W£ 
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[00 0 7]-^ p^»S6(D^4:/h$<-r-5^^ 
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y 3V^6*SRJ*B»J1:BI1 0fl^ l l to 
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3 (Dftm^m-tz x o * p stow! 6 *SR«- ^> tit v ^ 
6o ^/c, *i^-r^S4o*BjcK:»t>'y =»va> 
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[0 0 13] ^©HSMOP I N7t h^^T ^" — Klwfc 
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n^«*X«^-jEa»^**-r6OSr»©JX-#5 0 .* 

Ms^Lxiija^^priE^i^, b^t, r^^ffi^tj 
xfi. p m&&m e (OT^^R^Wsg^^^ttx^ 

^^3 OXK4X*tff<-SiiLXb*o7t^ 
OB 5 0%) A 5 R**£*tX?¥tf££«3 OSraiSLXK 

1 2\zmMvxfr&£tiz*i&mvte'tck\z£<ov:m 



5 
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nfiInPj?2*ty^Il3t «B WftS* 
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Sir. B*fcS;Kfc#KWJil 2©2|&##:#«JBIf4*S: 
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1 3^0i^^{b'>y ^^2 O^Viygf^CO^^^^^ 
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^ U ^o*£»jBi: LTZ n P 2 SrfflV^Ta«*0SlJ: 
.pi^«*t*>«Zn«r8:ftS^ IfEnllnGaA 
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